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[57] ABSTRACT 

A technique for creating a patterned coating entails forming 
a ?rst region (26) over a primary component (22). A second 
region (28) is formed over part of the ?rst region. The ?rst 
region is etched so as to undercut the second region, thereby 
forming a gap (30) beloW part of the second region. Coating 
material is then provided over the structure. Due to the 
presence of the gap, the coating material accumulates over 
the structure in a pair of segments spaced apart along the 
gap. One coating segment (32A) overlies the primary com 
ponent. The other coating segment (32B) overlies the second 
region. 

44 Claims, 10 Drawing Sheets 
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UNDERCUTTING TECHNIQUE FOR 
CREATING COATING IN SPACED-APART 

SEGMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATION 

This is related to Knall, co-?led US. patent application 
Ser. No. 08/962,525, attorney docket no. CT-C092 US. The 
contents of Knall are incorporated by reference to the extent 
not repeated herein. 

FIELD OF USE 

This invention relates to techniques for creating a coating 
(or layer) having multiple segments. In particular, this 
invention relates to techniques for creating segmented coat 
ings during the fabrication of electron-emitting devices, 
especially electron emitters employed in ?at-panel cathode 
ray tube (“CRT”) displays of the ?eld-emission type. 

BACKGROUND ART 

A ?eld-emission cathode (or ?eld emitter) contains a 
group of electron-emissive elements that emit electrons 
upon being subjected to an electric ?eld of sufficient 
strength. The electron-emissive elements are typically situ 
ated over a patterned layer of emitter electrodes. In a gated 
?eld emitter, a patterned gate layer typically overlies the 
patterned emitter layer at the locations of the electron 
emissive elements. Each electron-emissive element is 
exposed through an opening in the gate layer. When a 
suitable voltage is applied betWeen a selected portion of the 
gate layer and a selected portion of the emitter layer, the gate 
layer extracts electrons from the electron-emissive elements 
at the intersection of the tWo selected portions. 

In fabricating a ?eld emitter, there are normally multiple 
instances in Which one segment of a coating needs to be 
spaced apart from another segment of the coating. Various 
conventional techniques are available for achieving the 
desired separation betWeen the coating segments. 

For example, the coating can be deposited as a blanket 
layer and then photolithographically patterned to remove 
part of the blanket layer, thereby creating the separation. 
HoWever, the ?eld emitter may occasionally become con 
taminated or otherWise damaged by the photolithographic 
patterning materials, including (a) the photoresist used to 
cover the coating segments intended to remain in the struc 
ture after the patterning operation, (b) the photoresist devel 
oper employed to remove the photoresist above Where part 
of the blanket layer is to be removed, and (c) the etchant 
utiliZed to remove that part of the blanket layer. Also, the 
photolithographic masking technique typically does not 
Work Well over surfaces having rough topography. 

Another conventional technique is to selectively deposit 
the coating material using a mask, commonly termed a 
shadoW mask, situated above the ?eld emitter to prevent the 
coating material from accumulating on areas Where no 
coating material is desired. By using the shadoW masking 
technique, the likelihood of contaminating or otherWise 
damaging the ?eld emitter is normally reduced to a loW 
level. Unfortunately, the shadoW masking technique nor 
mally cannot be utiliZed to accurately de?ne ?ne (or small) 
features, especially features of the ?neness typically needed 
in the active area of a ?eld emitter. It is desirable to have a 
technique for providing a coating in multiple ?nely de?ned 
segments over a relatively rough surface of a ?eld emitter. 

GENERAL DISCLOSURE OF THE INVENTION 

The present invention furnishes techniques for accurately 
creating a coating (or layer) in multiple segments spaced 
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2 
apart generally along a gap in the topography over Which the 
coating is formed. The separation betWeen the coating 
segments is produced When coating material is provided 
(e.g., deposited) over the underlying topography. 

Unlike conventional photolithographic patterning, the 
segment separation in the invention is not produced by 
removing part of the coating material. No photolithographic 
pattern-de?ning material such as photoresist needs to be 
used in de?ning the segment separation in the invention. 
Consequently, the coating technique of the invention avoids 
contamination and other damage that commonly arise from 
photolithographic patterning. Also, in contrast to photolitho 
graphic patterning Where roughness in the underlying topog 
raphy signi?cantly limits the ability to use photolithography 
for accurately creating a pattern, surface roughness does not 
signi?cantly hinder usage of the present coating technique. 
The segments of the coating created according to the 

invention typically have a ?nely de?ned shape. The inven 
tion thus overcomes the inability of the shadoW masking 
technique to accurately produce ?ne features. 
More particularly, a method in accordance With the inven 

tion entails creating a ?rst region over a primary component. 
A second region is formed over part of the ?rst region. The 
?rst region is then etched so as to undercut the second region 
and form a gap beloW part of the second region. The etch is 
normally performed in a manner that is at least partially 
isotropic, typically With a liquid etchant. 
With the second region being so undercut, a coating 

material is provided over the primary component and the 
second region. Due to the presence of the gap, the coating 
material accumulates over the primary component and the 
second region in a pair of segments spaced apart along the 
gap. One of the coating segments overlies the primary 
component. The other segment overlies the second region. 
The second coating segment typically extends over a further 
component spaced laterally apart from the primary compo 
nent. 

A physical deposition procedure is preferably employed 
to provide the coating material over the underlying topog 
raphy. Speci?cally, the coating material is normally depos 
ited at a principal incidence angle of 20—90° to the upper 
surface of a substructure underlying the primary component. 
Uniformity in the deposition can be enhanced by depositing 
the coating material from a deposition source Which is 
translated relative to the substructure or/and is rotated, 
relative to the substructure, about an axis approximately 
perpendicular to the upper surface of the substructure. 
An application of the present coating technique to the 

fabrication of an electron-emitting device involves furnish 
ing an initial structure that contains a control electrode, a 
dielectric layer, a further layer, and multiple electron 
emissive elements. The further layer overlies the control 
electrode Which overlies the dielectric layer. The electron 
emissive elements are situated in composite openings 
extending through the control electrodes and the dielectric 
layer. 
A ?rst region is created over the further layer and the 

control electrode. A second region is created over part of the 
?rst region after Which the ?rst region is etched in the 
undercutting manner described above to form a gap beloW 
part of the second region. The coating material is provided 
over the control electrode, the further layer, and the second 
region to form ?rst and second coating segments spaced 
apart along the gap. The ?rst coating segment overlies the 
further layer and the control electrode. The second coating 
segment overlies the second region. 
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The further layer typically overlies the control electrode 
above the electron-emissive elements and is formed from the 
emitter material utilized in forming at least part of each 
electron-emissive element. In such a case, the further layer 
is typically removed subsequent to forming the coating 
segments. The overlying material of the ?rst coating seg 
ment is likeWise removed. The second coating segment then 
typically forms at least part of a system for focusing elec 
trons emitted by the electron-emissive elements. 

In short, the coating technique of the invention readily 
enables multiple accurately de?ned coating a segments to be 
formed over a rough topography Without incurring signi? 
cant contamination or other degradation problems. The 
invention thus provides a substantial advance over the prior 
art. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1a—1e are cross-sectional structural vieWs repre 
senting steps in a general technique that employs the inven 
tion’s teaching for creating a coating having segments that 
are spaced apart from one another. 

FIGS. 2a—2i are cross-sectional structural vieWs repre 
senting steps in manufacturing a gated ?eld emitter accord 
ing to the invention. 

FIGS. 3a and 3b are layout vieW of the respective 
structures in FIGS. 2b and 2i. The cross section of FIG. 2b 
is taken through plane 2b—2b in FIG. 3a. The cross section 
of FIG. 2i is similarly taken through plane 2i—2i in FIG. 3b. 

FIGS. 4a and 4b are simpli?ed cross-sectional structural 
vieWs illustrating angled rotational deposition of focus coat 
ing material on the partially ?nished ?eld emitter of FIG. 2g. 

FIGS. 5a—5d are cross-sectional structure vieWs repre 
senting steps substituted for the steps of FIGS. 2f—2i in 
manufacturing another ?eld emitter according to the inven 
tion. 

FIGS. 6a and 6b are cross-sectional structural vieWs 
representing steps substituted for the steps of FIGS. 2b and 
5c in manufacturing a further ?eld emitter according to the 
invention. 

FIGS. 7a—7g are cross-sectional structural vieWs repre 
senting steps in manufacturing yet another gated ?eld emit 
ter according to the invention. 

FIG. 8 is a cross-sectional structural vieW of a ?at-panel 
CRT display that includes a gated ?eld emitter fabricated in 
accordance With the invention. 

Like reference symbols are employed in the draWings and 
in the description of the preferred embodiments to represent 
the same, or very similar, item or items. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the present invention, a product is furnished With a 
coating having spaced apart segments. When the product is 
a gated ?eld-emission cathode, part of the coating typically 
forms a component of a system that focuses electrons 
emitted by electron-emissive elements in the ?eld-emission 
cathode. The ?eld emitter is suitable for exciting light 
emissive phosphor regions of a light-emitting device in a 
cathode-ray tube of a ?at-panel display such as a ?at-panel 
television or a ?at-panel video monitor for a personal 
computer, a lap-top computer, or a Workstation. 

In the folloWing description, the term “electrically insu 
lating” or “dielectric” generally applies to materials having 
a resistivity greater than 1010 ohm-cm. The term “electri 
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4 
cally non-insulating” thus refers to materials having a resis 
tivity below 1010 ohm-cm. Electrically non-insulating mate 
rials are divided into (a) electrically conductive materials for 
Which the resistivity is less than 1 ohm-cm and (b) electri 
cally resistive materials for Which the resistivity is in the 
range of 1 ohm-cm to 1010 ohm-cm. Similarly, the term 
“electrically non-conductive” refers to materials having a 
resistivity of at least 1 ohm-cm, and includes electrically 
resistive and electrically insulating materials. These catego 
ries are determined at an electric ?eld of no more than 1 

volt/pm. 
FIGS. 1a—1e (collectively “FIG. 1”) illustrate generally 

hoW a coating is formed in multiple spaced apart segments 
in accordance With the invention. The starting point for the 
process sequence of FIG. 1 is a substructure 20 having a 
relatively ?at upper surface. See FIG. 1a. 

Substructure 20 can be con?gured in various Ways and 
can consist of various combinations of electrically 
insulating, electrically resistive, and electrically conductive 
materials. The material of substructure 20 along its upper 
surface is normally electrically insulating. When the process 
sequence of FIG. 1 is employed in fabricating a gated ?eld 
emitter such as that manufactured according to the process 
of FIGS. 2a—2i or 7a—7g, or according to the process 
variation of FIGS. 5a—5d or 6a and 6b, substructure 20 
typically consists of an electrically insulating baseplate (40), 
an overlying electrically non-insulating region (42), and a 
dielectric layer (44) situated above the non-insulating 
region. 
A primary component 22 and a further component 24 are 

situated on top of substructure 20 at laterally separated 
locations. Each of components 22 and 24 normally consists 
of electrically non-insulating material, preferably electri 
cally conductive material. In a typical implementation, com 
ponents 22 and 24 are formed With metal such as aluminum, 
chromium, or/and nickel. Nevertheless, components 22 and 
24 can be formed With electrically non-conductive material, 
including electrically insulating material. 

Components 22 and 24 are usually created at the same 
time and are therefore of largely the same thickness. For 
eXample, components 22 and 24 can be formed by depos 
iting a blanket layer of a suitable component material on 
substructure 20 and then removing the material situated 
betWeen the intended locations for components 22 and 24. 
The removal step can be performed With an etchant utiliZing 
a suitable mask, such as a photoresist mask. Alternatively, 
components 22 and 24 can be formed by selectively depos 
iting the component material. Components 22 and 24 can 
also be created in separate operations using a blanket 
deposition/selective removal technique or a selective depo 
sition technique to form each component 22 or 24. 

A ?rst region 26 is formed on at least part of primary 
component 22 and extends over substructure 20 in the space 
betWeen components 22 and 24 as shoWn in FIG. 1b. First 
region 26 typically covers all of primary component 22 and 
none of further component 24. When components 22 and 24 
consists of electrically conductive material, region 26 nor 
mally consists of electrically non-conductive material. In a 
typical implementation, region 26 consists of electrically 
insulating material such as silicon oXide or silicon nitride. 
HoWever, region 26 can be formed With electrically con 
ductive material, especially When primary region 22 consists 
of electrically non-conductive material. The thickness of the 
part of region 26 situated above primary component 22 is 
normally chosen to be greater than the thickness of the 
coating later formed in multiple spaced apart segments. 
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Various techniques can be employed to create ?rst region 
26. For example, region 26 can be formed by depositing a 
suitable layer of material on top of the structure and then 
removing the material at the location Where region 26 is not 
intended to be. As With the blanket deposition/selective 
removal technique employed to form components 22 and 24, 
the removal steps here can be performed by etching the layer 
using a suitable mask. Region 26 can also be formed by a 
selective deposition technique. In particular, a shadoW mask 
can be employed to prevent the material of region 26 from 
accumulating over the structure at the location Where region 
26 is not intended to be. 

A second region 28 is formed on part of ?rst region 26. 
See FIG. 1c. First region 26 separates second region 28 from 
primary component 22. Second region 28 may eXtend above 
primary component 22. In the eXample of FIG. 1c, region 28 
eXtends above a part 22A of primary component 22. The 
remainder of primary component 22 is indicated as item 22B 
in FIG. 1c. If region 28 does not eXtend over part of primary 
component 22, the lateral separation betWeen region 28 and 
component 22 is typically small, but can be large. 

Second region 28 may be formed on part of further 
component 24. In the eXample of FIG. 1c, region 28 lies on 
a part 24A of further component 24. The remainder of 
component 24 is indicated as item 24B. If region 28 is not 
formed on part of component 24, the lateral separation 
betWeen region 28 and component 24 is typically small, but 
can be large. 

Second region 28 can be formed With electrically 
insulating, electrically resistive, or electrically conductive 
material, or With a combination of tWo or more of these three 
general types of material. This applies regardless of Whether 
components 22 consist of electrically conductive or electri 
cally non-conductive material. In a typical implementation, 
region 28 consists of electrically insulating material, spe 
ci?cally electrically insulating material such as polyimide. 

Various techniques can be employed to create second 
region 28. As With components 22 and 24 and ?rst region 26, 
second region 28 can be formed by a blanket deposition/ 
selective removal technique or by a selective deposition 
technique. When region 28 consists of polyimide, a blanket 
layer of a suitable photopatternable polyimide is formed on 
top of the structure. This typically entails depositing, 
spinning, and appropriately baking the polyimide. The por 
tion of the blanket photopolymeriZable layer intended to 
form region 28 is eXposed to suitable actinic radiation, 
typically ultraviolet (“UV”) light, through a photomask. The 
actinic radiation causes the eXposed polyimide to polymer 
iZe and change chemical structure. The uneXposed polyim 
ide is removed With a suitable developer. The remaining 
(i.e., exposed) polyimide is then typically cured to complete 
the formation of region 28. 

Using second region 28 as an etch shield (or mask), the 
unshielded part of ?rst region 26 is removed With a suitable 
etchant. The etch is continued into the material of ?rst region 
26 underlying second region 28 so as to undercut region 28 
slightly as shoWn in FIG. 1d. A gap 30 is thus formed beloW 
region 28. In the eXample of FIG. 1d, gap 30 overlies a 
portion of part 22A of primary component 22. The height of 
gap 30 approximately equals the thickness of ?rst region 26. 
The etchant normally has a substantial isotropic component. 
A liquid chemical etchant is typically utiliZed to etch region 
26 and form gap 30. 

Acoating material is deposited on top of the structure. See 
FIG. 16. The coating material accumulates (a) on primary 
component 22 to form a ?rst coating segment 32A and (b) 
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6 
on second region 28 and further component 24 to form a 
second coating segment 32B. 
The coating deposition is performed in such a Way that 

coating segments 32A and 32B are separated along gap 30. 
To achieve the separation, the average thickness of segments 
32A and 32B is normally less than the original thickness of 
?rst region 26. Speci?cally, the thickness of coating segment 
32A at gap 30—i.e., directly beloW the left-hand edge of 
second region 28 in FIG. 1d—is less than the original 
thickness of ?rst region 26 directly beloW the left-hand edge 
of region 28. Nonetheless, due to the shadoWing character 
istics of certain of the deposition techniques that can be 
utiliZed to form coating segments 32A and 32B, the average 
thickness of coating segments 32A and 32B can eXceed the 
original thickness of region 26. 
The coating deposition is typically performed according 

to a loW-pressure line-of-sight physical vapor deposition 
technique such as evaporation or sputtering. The coating 
material is deposited at a principal incidence angle of 
20—90° to the upper surface of substructure 20. To make the 
thickness of coating segments 32A and 32B more uniform, 
substructure 20 (including the overlying components/ 
regions) and the source of the coating material can be 
translated relative to each other during the deposition or/and 
rotated relative to each other during the deposition about an 
aXis perpendicular to the upper surface of substructure 20. 
Whether translation or rotation is utiliZed to enhance the 
deposition uniformity depends on factors such as the par 
ticular technique employed to deposit coating segments 32A 
and 32B, the physical siZe of the deposition source relative 
to the lateral area of substructure 20, and the geometry of the 
deposition source. 

When coating segments 32A and 32B are created by 
sputtering, the siZe of the sputter coating material deposition 
source is typically substantial compared to the lateral area of 
substructure 20. As a result, translation of the sputter depo 
sition source and substructure 20 relatively to each other is 
normally suf?cient to achieve relative uniform deposition. 
The principal deposition angle is typically 90° for sputter 
ing. 
When coating segments 32A and 32B are created by 

evaporation, the source of the evaporated coating material is 
typically small compared to the lateral area of substructure 
20. A combination of translation and rotation is typically 
employed in the evaporation case. For evaporation, the 
principal incidence angle is typically 60°. An eXample of the 
deposition geometry particularly suitable for evaporation is 
presented beloW in connection With FIGS. 4a and 4b. 

Coating segments 32A and 32B normally consist of 
electrically non-insulating material, preferably electrically 
conductive material, When components 22 and 24 consists of 
electrically conductive material. In a typical embodiment, 
the coating material is a metal such as aluminum. First 
coating segment 32A then makes ohmic contact With pri 
mary component 22. Second coating segment 32B, Which is 
spaced apart from ?rst coating segment 32A, makes ohmic 
contact With further component 24, Which is similarly 
spaced apart from primary component 22. Alternatively, the 
coating material can be electrically insulating. 
The deposition of coating segments 32A and 32B com 

pletes the process sequence of FIG. 1. In some cases, 
additional processing may be performed to remove ?rst 
coating segment 32A. In other cases, further component 24 
may be absent. 

FIGS. 2a—2i (collectively “FIG. 2”) illustrate a process for 
manufacturing a gated ?eld emitter of a ?at-panel CRT 
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display in accordance With the invention. The coating seg 
mentation principles utilized in the process sequence of FIG. 
1 are employed in the process of FIG. 2 for creating a focus 
coating of a system that focuses electrons emitted by the 
?eld emitter. The electrons excite light-emissive elements in 
the light-emitting device situated across from the ?eld 
emitter. FIGS. 3a and 3b present layout vieWs of the ?eld 
emitter at the respective fabrication stages of FIGS. 2b and 
2i. 

The starting point in the process of FIG. 2 is a ?at 
electrically insulating baseplate (or substrate) 40. See FIG. 
2a. Baseplate 40, Which provides support for the ?eld 
emitter, typically consists of glass, such as Schott D263 
glass, having a thickness of approximately 1 mm. 
A loWer electrically non-insulating emitter region 42 

overlies baseplate 40. LoWer non-insulating region 42 con 
tains an electrically conductive layer patterned into a group 
of laterally separated emitter electrodes. Letting the direc 
tion of the roWs of picture elements (pixels) in the ?at-panel 
CRT display be referred to as the roW direction, the emitter 
electrodes of region 42 extend generally parallel to one 
another in the roW direction so as to constitute roW elec 
trodes. 

For simplicity, the emitter roW electrodes of non 
insulating region 42 are depicted as extending fully across 
the structure shoWn in FIG. 2a. In actuality, the emitter 
electrodes typically terminate approximately one third of the 
Way from the right-hand side of FIG. 2a. The emitter 
electrodes typically consist of metal such as aluminum or 
nickel, or an alloy of either of these metals. The thickness of 
the emitter electrodes is 0.1—0.5 pm, typically 0.2 pm. 
An electrically resistive layer typically overlies the emit 

ter electrodes in loWer non-insulating region 42. Candidate 
materials for the resistive layer include cermet (ceramic With 
embedded metal particles) and silicon-carbon-nitrogen 
compounds, including silicon carbide. The resistive layer 
provides a resistance of 106—1011 ohms, typically 109 ohms, 
betWeen each electron-emissive element and the underlying 
emitter electrode. 
An electrically insulating layer 44, Which serves as the 

interelectrode dielectric, is provided on top of non-insulating 
region 42. The thickness of dielectric layer 44 is 0.05—3 pm, 
typically 0.15 pm. Dielectric layer 44 typically consists of 
silicon oxide or silicon nitride. Although not shoWn in FIG. 
2a, parts of dielectric layer 44 may contact baseplate 40 
depending on the con?guration of non-insulating region 42. 
A group of laterally separated main control electrodes 

46A are situated on top of dielectric layer 44 in the active 
device area, i.e., the area in Which electrons emitted by the 
electron-emissive elements emit electrons that cause an 
image to appear on the vieWing surface of the light-emitting 
device. One main control electrode 46A is depicted in FIG. 
2a. Control electrodes 46A extend generally perpendicular 
to the emitter electrodes of loWer non-insulating region 42. 
That is, control electrodes 46A extend in the direction of the 
columns of pixels so as to constitute main column elec 
trodes. 
A group of laterally separated control apertures 48 extend 

through each main control electrode 46A doWn to dielectric 
layer 44. Control apertures 48 in each electrode 46A respec 
tively overlie the emitter electrodes of non-insulating region 
42. Accordingly, control apertures 48 form a tWo 
dimensional array of roWs and columns of control apertures. 

Apair of dummy main control electrodes 46B are situated 
on dielectric layer 44 at the column-direction edges of the 
active area. That is, one dummy electrode 46B is located 
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8 
before the ?rst main control electrode 46A While the other 
dummy electrode 46B is located after the last main control 
electrode 46A. Electrodes 46B, one of Which is shoWn in 
FIG. 2a, thus extend in the column direction so as to 
constitute dummy column electrodes. No control apertures 
(analogous to control apertures 48) extend through dummy 
electrodes 46B. Although the illustrated dummy electrode 
46B is shoWn in FIG. 2a as being narroWer (in the roW 
direction) than the illustrated main control electrode 46A, 
this is only due to draWing space limitations. Dummy 
electrodes 46B are typically of the same Width as main 
control electrodes 46A. 

An additional electrical conductor 46C is situated on 
dielectric layer 44 in the peripheral device area beyond 
control electrodes 46A and 46B, and extends in the column 
direction. As indicated beloW, additional conductor 46C is 
utiliZed to provide a focus control potential to the later 
produced focus coating. When the emitter electrodes of 
non-insulating region 42 extend only partWay across the 
structure of FIG. 2a, the emitter electrodes typically termi 
nate at a location beloW the space betWeen dummy control 
electrodes 46B, on one hand, and additional conductor 46C, 
on the other hand, thereby substantially avoiding the possi 
bility of having the emitter electrodes become short circuited 
to conductor 46C. 

Conductors 46A—46C are normally created at the same 
time by depositing a blanket layer of electrically conductive 
control material and then patterning the blanket control 
layer. Conductors 46A—46C normally consist of metal, typi 
cally chromium having a thickness of 0.1—0.5 pm, typically 
0.2 pm. Alternative metals for conductors 46A—46C are 
aluminum, nickel, tantalum, and tungsten. 
Each main control electrode 46A corresponds to primary 

component 22 in the process sequence of FIG. 1. 
Alternatively, the illustrated dummy electrode 46B can 
correspond to primary component 22. Additional conductor 
46C corresponds to further component 24. 
A blanket electrically non-insulating gate layer 50 is 

situated on top of the structure in FIG. 2a. Speci?cally, gate 
layer 50 overlies conductors 46A—46C and extends doWn to 
dielectric layer 44 in the spaces betWeen conductors 
46A—46C. Gate layer 50 also extends into control apertures 
48 doWn to dielectric layer 44. Gate layer 50 normally 
consists of metal, typically chromium having a thickness of 
0.02—0.1 pm, typically 0.04 pm. Alternative metals for layer 
50 are tantalum, gold, and tungsten. 

Gate openings 52 are created through gate layer 50 doWn 
to dielectric layer 44 Within control apertures 48 as shoWn in 
FIG. 2b. Item 50A in FIG. 2b is the remainder of gate layer 
50. Gate openings 52 are typically created according to a 
charged-particle tracking procedure of the type described in 
US. Pat. No. 5,559,389 or 5,564,959. Openings 52 can also 
be created according to a sphere-based technique of the type 
described in Haven et al, US. patent application Ser. No. 
08/660,536, ?led Jun. 7, 1996, or LudWig et al, US. patent 
application Ser. No. 08/660,538, also ?led Jun. 7, 1996. 
The portion of remaining gate layer 50A at the bottom of 

each control aperture 48 contains multiple gate openings 52. 
The combination of a control aperture 48 and the particular 
gate openings 52 extending through the portion of gate layer 
50A spanning that aperture 48 form a composite control 
aperture 48/52. Since control apertures 48 are arranged in a 
tWo-dimensional roW/column array, gate openings 52 are 
arranged in a tWo-dimensional array of roWs and columns of 
sets of multiple gate openings. See FIG. 3a in Which one of 
the sets of gate openings 52 is depicted. Item 42A in FIG. 3a 
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represents one of the emitter roW electrodes of non 
insulating region 42. As indicated in FIG. 3a, each control 
electrode 46A or 46B is Wider over emitter electrodes 42A 
than in the spaces betWeen electrodes 42A. 

Using gate layer 50A as an etch mask, dielectric layer 44 
is etched through gate openings 52 to form dielectric open 
ings 54 doWn to non-insulating region 42. Item 44A in FIG. 
2b is the remainder of dielectric layer 44. The etch to create 
dielectric openings 54 is normally performed in such a 
manner that openings 54 undercut gate layer 50A someWhat. 
Each dielectric opening 54 and the overlying gate opening 
52 form a composite opening 52/54. 

Referring to FIG. 2c, electrically non-insulating emitter 
cone material is evaporatively deposited on top of the 
structure in a direction generally perpendicular to the upper 
(or loWer) surface of baseplate 40. The emitter cone material 
accumulates on the exposed portions of gate layer 50A and 
passes through gate openings 52 to accumulate on loWer 
non-insulating region 42 in dielectric openings 54. Due to 
the accumulation of the emitter material on gate layer 50A, 
the openings through Which the emitter material enters 
openings 54 progressively close. The deposition is per 
formed until these openings fully close. As a result, the 
emitter material accumulates in dielectric openings 54 to 
form corresponding conical electron-emissive elements 
56A. A continuous (blanket) excess layer 56B of the emitter 
material simultaneously accumulates on gate layer 50A. 

The emitter cone material is normally metal, preferably 
molybdenum When gate layer 50 consists of chromium. 
Alternative candidates for the emitter material include 
nickel, chromium, platinum, niobium, tantalum, titanium, 
tungsten, titanium-tungsten, and titanium carbide subject to 
the emitter material differing from the gate material When an 
electrochemical technique is later employed to remove one 
or more portions of excess emitter-material layer 56B. 

Aphotoresist mask (not shoWn) is formed on top of excess 
emitter-material layer 56B. The photoresist mask has solid 
masking portions Which are situated fully above control 
apertures 48 and Which extend partially above adjoining 
portions of main control electrodes 46A. Preferably, each 
solid masking portion is generally in the shape of a rectangle 
that overlies a corresponding one of control apertures 48 and 
is laterally separated from masking portions that overlie the 
other control apertures 48 in the same control electrode 46B. 
The material of excess emitter-material layer 56B 

exposed through the photoresist mask is removed With a 
suitable etchant. See FIG. 2a' in Which item 56C indicates the 
remainder of excess layer 56B. Excess emitter-material 
remainder 56C consists of a tWo-dimensional array of roWs 
and columns of rectangular islands that respectively extend 
fully across, and thus fully occupy, control apertures 48. The 
etchant is typically a chemical etchant and thus has an 
isotropic component. Consequently, excess emitter-material 
islands 56C undercut the photoresist slightly. Gate layer 50A 
is noW partially exposed. 

With the photoresist mask still in place, blanket gate layer 
50A is selectively etched to produce patterned gate layer 
50B. The gate etch is usually performed With a largely 
anisotropic etchant, typically a chlorine plasma, in a direc 
tion generally perpendicular to the upper surface of base 
plate 40 so that gate layer 50B does not signi?cantly 
undercut the photoresist mask. Since an etchant With an 
isotropic component Was employed in selectively etching 
excess emitter-material layer 56B Whereas a fully anisotro 
pic etchant Was utiliZed in selectively etching blanket gate 
layer 50A through the same photoresist mask, the resulting 
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10 
portions of gate layer 50B respectively extend laterally 
outWard slightly beyond excess emitter-material islands 
56C. 

Alternatively, blanket gate layer 50A can be patterned 
With an etchant having an isotropic component to reduce or 
substantially eliminate the lateral extension of gate portions 
50B beyond excess emitter-material islands 56C. The lateral 
extension of gate portions 50B beyond excess islands 56C 
can also be reduced or substantially eliminated by patterning 
excess layer 56B With a largely anisotropic etchant. In any 
event, each main control electrode 46A and the adjoining 
gate portions 50B form a composite control electrode 46A/ 
50B extending in the column direction. Rather than just each 
main control electrode 46A corresponding to primary com 
ponent 22 in the process sequence of FIG. 1, the combina 
tion of each main control electrode 46A and the adjoining 
gate portions 50B, i.e., each composite control electrode 
46A/50B, can correspond to primary component 22. 
A patterned multi-function layer 70 is formed on top of 

the structure as shoWn in FIG. 26. Patterned layer 70 lies on 
the top and side surfaces of excess emitter-material islands 
56C, extends over the uncovered material of gate portions 
50B and main control electrodes 46A, covers dummy elec 
trodes 46B, covers the portions of dielectric layer 44A 
situated variously betWeen electrodes 46A and 46B, and 
extends over dielectric layer 44A beyond dummy electrodes 
46B but leaves additional conductor 46C uncovered. In this 
aspect, layer 70 corresponds to, and thus performs the 
function of, ?rst region 26 in the process sequence of FIG. 
1. 

As discussed beloW, a system that focuses electrons 
emitted by electron-emissive cones 56A is formed on top of 
the structure during the period in Which excess emitter 
material islands 56C overlie cones 56A. Molybdenum, the 
material preferably used to form cones 56A and thus the 
material that preferably forms excess islands 56C, provides 
excellent electron-emission characteristics but, When depos 
ited by evaporation as is done here, is porous to certain of 
the materials utiliZed in forming the electron focusing sys 
tem. Patterned layer 70 is chosen to be of such type and 
thickness as to be largely impervious to these materials. By 
having appropriate parts of layer 70 overlie excess islands 
56C When the structure is exposed to these materials, layer 
70 prevents the materials from passing through excess 
islands 56C and contaminating or otherWise damaging cones 
56A. In other Words, layer 70 protects cones 56A during the 
formation of the electron focusing system. 

Portions of protective layer 70 are typically present in the 
?nal ?eld emitter. Accordingly, the material and thickness of 
protective layer 70 are chosen to conform to the functions 
performed by adjacent components of the ?eld-emitter. 
Layer 70 typically consists of electrically non-conductive 
material, normally electrically insulating material. When 
portions of layer 70 underlie a base focusing structure of the 
electron focusing system, layer 70 consists of silicon oxide 
having a thickness of 0.05—1.0 pm, typically 0.5 pm. Silicon 
nitride and spin-on glass are alternative materials for layer 
70. 

Protective layer 70 is typically formed by sputter depos 
iting a blanket layer of the desired protective material on top 
of the structure. The blanket protective layer can also be 
formed by chemical vapor deposition. Using a suitable 
photoresist mask (not shoWn) the undesired portions of the 
blanket protective layer are removed With a suitable etchant 
to produce layer 70. Alternatively, layer 70 can be created 
according to a shadoW mask deposition technique. 
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An electrically non-conductive base focusing structure 72 
for the electron focusing system is formed on top of the 
partially ?nished ?eld emitter as shown in FIG. 2f. Base 
focusing structure 72 corresponds to second region 28 in the 
process sequence of FIG. 1. The portions of focusing struc 
ture 72 shoWn in FIG. 2f are connected together outside the 
plane of the ?gure. 
An array of roWs and columns of generally rectangular 

focus openings 74A extend through base focusing structure 
72 in the active device area. As vieWed perpendicularly to 
the upper surface of baseplate 40, each control aperture 48 
is situated laterally Within a corresponding one of focus 
openings 74A. Accordingly, focusing structure 72 is 
arranged in a Waffle-like pattern in the active area. In the roW 
direction, active-area portions of structure 72 overlie por 
tions of protective layer 70 that occupy (a) the spaces 
betWeen main control electrodes 46A and (b) the additional 
spaces betWeen dummy electrodes 46B and the ?rst and last 
of main control electrodes 46A. In the column direction, 
focusing structure 72 typically passes over main control 
electrodes 46A outside control apertures 48. A column of 
generally rectangular dummy focus openings 74B, one for 
each emitter roW electrode 42A, extend through structure 72 
doWn to the dummy electrode 46B at each column-direction 
edge of the active area. 

In the peripheral device area, base focusing structure 72 
is situated on the portion of protective layer 70 extending 
into the space betWeen the illustrated dummy electrode 46B 
and additional conductor 46C. The right-hand edge of the 
illustrated dummy electrode 46B is shoWn in FIG. 2f as 
being in approximate vertical alignment With the sideWall of 
a peripheral-area part of focusing structure 72. Alternatively, 
structure 72 can partially overlie the illustrated dummy 
electrode 46B along its right-hand edge or can be spaced 
laterally apart from the right-hand edge of the illustrated 
dummy electrode 46B. 

One or more additional generally rectangular openings 
74C extend through base focusing structure 72 doWn to 
additional conductor 46C. When there is only one such 
additional opening 74C, it typically extends across all of 
emitter roW electrodes 42A or, if emitter electrodes 42A 
terminate beloW the space betWeen conductors 46B and 
46C, beyond the ends of all of electrodes 42A. When there 
are multiple additional openings 74C, each opening 74C 
normally extends across at least tWo (but not all) of emitter 
electrodes 42A or, if electrodes 42A terminate beloW the 
space betWeen conductors 46B and 46B, beyond the ends of 
tWo or more (but not all) of electrodes 42A. 

Part of base focusing structure 72 extends doWn to 
dielectric layer 44A in the space betWeen protective layer 70 
and additional conductor 46C. Focusing structure 72 par 
tially overlies additional conductor 46C along its left-hand 
edge in the example of FIG. 2g. Alternatively, structure 72 
can have a peripheral-area sideWall in approximate vertical 
alignment With the left-hand edge of additional conductor 
46C. Structure 72 can also be spaced apart from conductor 
46C. 

Base focusing structure 72 normally consists of electri 
cally insulating material. Typically, focusing structure 72 is 
formed With actinic material that has been selectively 
exposed to suitable actinic radiation and developed to 
remove either the exposed or unexposed actinic material. 
Exposure to the actinic radiation causes the exposed actinic 
material to change chemical structure. The actinic material 
is typically positive-tone photopolymeriZable polyimide 
such as Olin OCG7020 polyimide. Focusing structure 72 
typically extends 45—50 pm above insulating layer 44A. 
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12 
Various techniques can be employed to form base focus 

ing structure 72. In a typical process sequence for creating 
focusing structure 72, a blanket layer of positive-tone poly 
meriZable polyimide is deposited on top of the partially 
?nished ?eld emitter. The polyimide is spun to produce a 
relatively ?at upper polyimide surface. The ?attened poly 
imide is baked. Using a suitable photomask situated above 
the ?eld emitter and having a radiation-transmissive area at 
the desired location for structure 72, the polyimide is 
exposed to frontside actinic radiation, typically UV light, 
that impinges on top of the structure and causes the exposed 
polyimide to polymeriZe (crosslink). The unexposed poly 
imide is removed With a suitable developer. The remaining 
(i.e., exposed) polyimide is cured at elevated temperature in 
a non-reactive environment, thereby producing structure 72. 
When the polyimide is Olin OCG7020 polyimide, the 

pre-development baking step is typically performed for 20 
min. at approximately 95° C. The developer is Olin QZ3501 
development solution. The post-development cure is typi 
cally performed at 350° C. for 2 hr. in nitrogen and then at 
425° C. for 1 hr. in a vacuum of 10'5 torr or loWer. 

Alternatively, base focusing structure 72 can be formed 
according to the backside/frontside actinic-radiation expo 
sure procedure described in Us. Pat. Nos. 5,649,847 or 
5,650,690. Alternatively, structure 72 can be created accord 
ing to the backside/frontside actinic-radiation procedure 
disclosed in Spindt et al, US. patent application Ser. No. 
08/866,150, ?led May 30, 1997. In the latter case, emitter 
electrodes 42A in non-insulating region 42 are typically in 
the shape of ladders as vieWed perpendicularly to the upper 
surface of baseplate 40. Regardless of hoW structure 72 is 
formed, protective layer 70 prevents the materials employed 
in forming structure 72 from penetrating excess emitter 
material islands 56C and contaminating or otherWise dam 
aging electron-emissive elements 56A. 

Using base focusing structure 72 as an etch shield, the 
unshielded parts of protective layer 70 are removed With an 
etchant having a substantial isotropic component. See FIG. 
2g. The etchant undercuts focusing structure 72 to produce 
(a) a tWo-dimensional array of roWs and columns of gaps 
76A and (b) a column of dummy gaps 76B at each column 
direction edge of the active area. Each gap 76A extends in 
an annular manner around the bottom of a different one of 
focus openings 74A. Similarly, each dummy gap 76B 
extends in an annular manner around the bottom of a 
different one of dummy focusing openings 74B. Each gap 
76A corresponds to gap 30 in the process sequence of FIG. 
1. Alternatively, each dummy gap 76B (e.g., the illustrated 
one) along the illustrated dummy electrode 46B can corre 
spond to gap 30. 
The etchant utiliZed to create gaps 74A and 74B is usually 

a liquid chemical etchant. When protective layer 70 consists 
of silicon oxide, the etchant typically consists of 50% acetic 
acid, 30% Water, and 20% ammonium ?uoride by Weight. 
The etch is typically performed for 3 min. at 20° C. 
Alternatively, a plasma etchant having a substantial isotropic 
component can be used. 

The remainder of protective layer 70 is indicated as item 
70A in FIG. 2g. The portions of remaining protective layer 
70A shoWn in FIG. 2g are connected together outside the 
plane of the ?gure. Remaining protective layer 70A under 
lies base focusing structure 72 and effectively forms part of 
the electron focusing system. 
An electrically non-insulating focus coating material is 

physically vapor deposited on top of the structure to form (a) 
a continuous focus coating segment 78A, (b) a tWo 
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dimensional array of roWs and columns of extra coating 
segments 78B, and (c) a column of extra dummy coating 
segments 78C at each column-direction edge of the active 
area. See FIG. 2h. Focus coating segment 78A, Which 
corresponds to second coating segment 32B in the process 
sequence of FIG. 1, is situated on top of base focusing 
structure 72 and extends doWn its sideWalls into openings 
74A—74C. Focus coating 78A contacts substantially the 
entire portion of additional conductor 46C at the bottom of 
each additional opening 74C. The portions of focus coating 
78A shoWn in FIG. 1h are connected together outside the 
plane of the ?gure. 

Each extra coating segment 78B lies on one of excess 
emitter-material islands 56C in corresponding focus opening 
74A and extends over the uncovered parts of gate portion 
50B and main control electrode 46A in that focus opening 
74A. Part of gap 76A in each focus opening 74A separates 
coating segments 78A and 78B in that opening 74A. Each 
extra dummy coating segment 78C is situated on dummy 
electrode 46B in one of dummy focus openings 74B. Part of 
gap 76B in each dummy opening 74B separates coating 
segments 78A and 78C in that opening 74B. Each coating 
segment 78B corresponds to ?rst coating segment 32A in the 
process sequence of FIG. 1. Alternatively, each dummy 
coating segment 78C can correspond to ?rst coating segment 
32A. 

Electrically non-insulating coating segments 78A—78C 
normally consist of electrically conductive material, typi 
cally metal such as nickel. In certain applications, coating 
segments 78A—78C can be formed With electrically resistive 
material. In any event, the resistivity of focus coating 
segment 78A is normally considerably less than the resis 
tivity of base focusing structure 72. Also, the thickness of 
coating segments 78A—78C is typically less than the thick 
ness of remaining protective layer 70A. When protective 
layer 70A is 0.5 pm thick, coating segments 78A—78C are 
typically 0.1 pm thick. 

FIGS. 4a and 4b qualitatively illustrate an example of 
hoW the deposition of coating segments 78A—78C is per 
formed. FIG. 4a represents a point close to the beginning of 
the deposition. Items 78P in FIG. 4a denote initial portions 
of the focus coating material. FIG. 4b represents a point 
close to the end of the deposition. 

The deposition technique illustrated in FIGS. 4a and 4b 
(collectively “FIG. 4”) generally represents evaporative 
deposition With a restriction on the angular range of the 
particles of material impinging on the partially ?nished ?eld 
emitter, but can represent sputtering With the angular particle 
range similarly restricted. Item 80 in FIG. 4 schematically 
represents the source of the coating material. Item 82 
represents an optional plate having an aperture through 
Which the coating material impinges on the partially ?nished 
?eld emitter. 

During the deposition, composite deposition source 80/82 
and the partially ?nished ?eld-emitter are typically trans 
lated relative to each other in a plane parallel to the upper 
surface of baseplate 40. When the deposition is performed 
With angular restriction on the deposition angle as often 
occurs in evaporation, deposition source 80/82 and the ?eld 
emitter are typically rotated, relative to each other, about an 
axis approximately perpendicular to the upper surface of 
baseplate 40. The ?eld emitter is typically rotated While 
deposition source 80/82 is stationary. HoWever, deposition 
source 80/82 can be rotated While the ?eld emitter is 
stationary. Also, deposition source 80/82 and the ?eld emit 
ter can both be rotated. 
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The coating material impinges on the ?eld emitter in a 

line-of-sight manner at a principal incidence angle 0 as 
indicated in FIGS. 4a and 4b. The impinging coating mate 
rial has a central axis 84 that forms the principal deposition 
axis. Principal incidence angle 0, measured from principal 
deposition axis 84 to a plane extending parallel to the upper 
surface of baseplate 40, is 20—90°, typically 90° for sput 
tering and 60° for evaporation. When the deposition is 
controlled so as to restrict the angular range of the impinging 
coating material, the particles of the coating material 
impinge on the ?eld emitter in a roughly conical manner 
characteriZed by a half angle 0t measured from principal 
deposition axis 84. Half angle 0t is 5—45°, typically 20°. 
By depositing the focus coating material in the preceding 

manner, portions of the upper surface of the ?eld emitter at 
gaps 76A and 76B are shadoWed from the impinging coating 
material. The coating material normally moves little after 
accumulating on the upper surface of the ?eld emitter. The 
presence of gaps 76A and 76B prevents focus coating 
segments 78A from respectively bridging to coating seg 
ments 78B and 78C. Accordingly, focus coating 78A is 
spaced apart from all of coating segments 78B and 78C. 

Excess emitter-material islands 56C and at least the 
overlying portions of coating segments 78B are removed. 
Each of coating segments 78B can be entirely removed. If 
so, each of coating segments 78C is also typically entirely 
removed. FIGS. 2i and 3b depict the resultant structure for 
the case in Which coating segments 78B and 78C are fully 
removed. 
The removal of excess emitter-material islands 56C and at 

least the overlying portions of coating segments 78B can be 
performed in various Ways. Coating segments 78B are 
typically removed electrochemically by immersing the par 
tially ?nished ?eld emitter in a suitable electrolytic bath. The 
electrochemical removal operation is conducted in such a 
Way that coating segments 78B are arranged to be positive 
in potential relative to focus coating segment 78A and 
electron-emissive cones 56A. As a result, coating segments 
78B are dissolved in the electrolytic bath Without dissolving 
focus coating 78A and Without dissolving or otherWise 
damaging cones 56A. Coating segments 78C are simulta 
neously removed by applying the same potential to segments 
78C as applied to segments 78B. Subsequently, excess 
islands 56C are electrochemically removed, typically 
according to a technique of the type disclose in Knall et al, 
US. patent application Ser. No. 08/884,700, ?led Jun. 30, 
1997. 

If coating segments 78B are porous to the electrolytic 
bath, excess emitter-material islands 56C can be electro 
chemically removed Without the necessity to perform a 
separate operation for removing the overlying parts of 
segments 78B. Speci?cally, as the electrolytic bath pen 
etrates through coating segments 78B, excess island 56C are 
electrochemically removed, again typically according to a 
technique such as that described in Knall et al, Ser. No. 
08/884,700, cited above. During the removal of excess 
islands 56C, the overlying portions of segments 78B are 
lifted off and carried aWay in the electrolytic bath. The 
electrolytic bath can be stirred, or otherWise agitated, to help 
remove the lifted-off portions of segments 78B from the 
vicinity of the ?eld emitter. In this removal technique, 
coating segments 78C and the portions of coating segments 
78B overlying main control electrodes 46A are present at the 
end of the removal operation, and are typically present in the 
?nal ?eld emitter. 
As a further alternative, excess emitter-material islands 

56C and at least the overlying portions of coating segments 
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78B can be removed according to a lift-off technique if the 
lift-off etchant can penetrate segments 78B. In this case, a 
lift-off layer is provided on top of gate layer 50A at the stage 
shoWn in FIG. 2b. The lift-off layer is typically created by 
evaporating a suitable lift-off material at a relatively small 
angle, typically in the vicinity of 30°, to the upper surface of 
baseplate 40. The lift-off material is subsequently patterned 
in largely the same Way as excess emitter-material layer 
56B. 

At the stage shoWn in FIG. 2h, an island of the lift-off 
material lies betWeen each excess emitter-material island 
56C and underlying gate portion 50B. A suitable etchant is 
employed to remove the lift-off islands. Excess islands 56C 
are thereby lifted off i.e., removed, and carried aWay in the 
etchant. If islands 56C are porous to the etchant used in 
lifting them off, advantage can be taken of this porosity to 
let the lift-off etchant penetrate islands 56C vertically and 
rapidly attack the underlying lift-off islands along their 
entire upper surfaces. The lift-off operation is then per 
formed in a relatively short time. Again, coating segments 
78C and the portions of segments 78B situated on main 
control electrodes 46A are present at the end of the removal 
operation. 

Focus coating 78A, base focusing structure 72, and pro 
tective layer 70A, Which totally underlies structure 72, form 
the electron focusing system. An external focus control 
potential is applied to additional conductor 46C directly, or 
by Way of an intermediate electrical conductor (not shoWn) 
connected to conductor 46C. By virtue of the ohmic con 
nection betWeen conductor 46C and focus coating 78A, the 
focus control potential is applied to coating 78A for con 
trolling the focusing of electrons emitted by electron 
emissive cones 56A during device operation. 

The ?at-panel CRT display is typically a color display in 
Which each pixel consists of three sub-pixels, one for red, 
another for green, and the third for blue. Typically, each 
pixel is approximately square as vieWed perpendicularly to 
the upper surface of baseplate 40, the three sub-pixels being 
laid out as rectangles situated side by side in the roW 
direction With the long axes of the rectangles oriented in the 
column direction. In this sub-pixel layout, electron focus 
control is normally more critical in the roW direction than in 
the column direction. 

The sets of electron-emissive elements 56A in each con 
trol aperture 48 provide electrons for one sub-pixel. The 
control apertures 48 in each composite control electrode 
46A/50B are arranged to be centered on that electrode 
46A/50B in the roW direction. By arranging for edges of 
electron focusing system 70A/72/78A to be approximately 
aligned vertically With the longitudinal edges of composite 
control electrodes 46A/50B in the manner depicted in FIGS. 
2i and 3b, excellent focus control is achieved in the roW 
direction. 

FIGS. 5a—5d (collectively “FIG. 5”) illustrate a variation 
of the process of FIG. 2 for manufacturing a gated ?eld 
emitter of a ?at-panel CRT display. In the variation of FIG. 
5, deposition of focus coating material directly on the top 
surfaces of excess emitter-material islands 56C is avoided 
by arranging for focus coating segments to accumulate on 
other regions provided above excess islands 56C in accor 
dance With the invention. The process of FIG. 5 folloWs that 
of FIG. 2 through the stage of FIG. 26. 

Base focusing structure 72 in the process of FIG. 5 is 
created from positive-tone photopatternable polyimide 
according to the frontside exposure technique described 
above for the process of FIG. 2 subject to one major 
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16 
difference. In addition to having a radiation-transmissive 
area at the desired location for focusing structure 72, the 
photomask situated above the partially ?nished ?eld emitter 
has a tWo-dimensional array of additional radiation 
transmissive areas situated generally above the portions of 
protective layer 70 overlying excessive emitter-material 
islands 56C. Portions 72A of the polyimide beloW these 
additional radiation-transmissive areas are thus exposed to 
the frontside actinic radiation and undergo polymeriZation. 

FIG. 5a depicts the structure after developing the blanket 
polyimide layer to remove the unexposed polyimide and 
performing the post-development cure on the remaining 
(exposed) polyimide. Each polyimide portion 72A is an 
electrically insulating island situated on protective layer 70 
above corresponding excess emitter-material island 56C. 
Insulating islands 72A are roughly centered vertically on 
underlying excess islands 56C. Each insulating islands 72A 
can be of lesser, or slightly greater, dimension than under 
lying excess island 56C in both the roW direction and the 
column direction. FIG. 5a illustrates the situation in Which 
the roW-direction dimension of each insulating island 72A 
slightly exceeds that of underlying excess island 56C. 

Insulating islands 72A extend signi?cantly above base 
focusing structure 72. In particular, both focusing structure 
72 and insulating islands 72A shrink during the post 
development cure of the polyimide. The percentage volume 
shrinkages of structure 72 and island 72A are of similar 
magnitude. HoWever, focusing structure 72 is of consider 
ably greater lateral extent than each of insulating islands 
72A. The greater lateral extent of structure 72 acts to limit 
its lateral shrinkage relative to the lateral shrinkage of each 
island 72A. As structure 72 and island 72A attempt to reach 
approximately the same volume percentage shrinkage, struc 
ture 72 thus shrinks more in the vertical direction than each 
island 72A. 
More speci?cally, the portions of base focusing structure 

72 shoWn in FIG. 5a are column-direction strips of consid 
erably greater column-direction dimension than insulating 
islands 72A. This signi?cantly inhibits the shrinkage of the 
illustrated portions of focusing structure 72 in the column 
direction relative to that of islands 72A in the column 
direction. Consequently, the illustrated portions of structure 
72 shrink more percentage-Wise in the roW direction and in 
the vertical direction than islands 72A. Similarly, the strips 
of structure 72 extending in the roW direction are of con 
siderably greater roW-direction dimension than islands 72A. 
The roW-direction strips of structure 72 are thus signi?cantly 
inhibited from shrinking in the roW direction and shrink 
more percentage-Wise in the column direction and in the 
vertical direction than islands 72A. The net result of the 
shrinkage differences is that insulating islands 72A extend 
signi?cantly above focusing structure 72. This is qualita 
tively illustrated in FIG. 5a. 

Using the combination of base focusing structure 72 and 
insulating islands 72A as an etch shield, the unshielded 
portions of protective layer 70 are removed With an etchant 
having a substantial isotropic component. Focusing structure 
72 is again undercut by gaps 76A and 76B as shoWn in FIG. 
5b. In addition, the etchant undercuts insulating islands 72A 
to produce a tWo-dimensional array of roWs and columns of 
further gaps 76C respectively beloW insulating islands 72A. 
If each insulating island 72A is of greater dimension in the 
roW or column direction than underlying excess emitter 
material island 56C, each further gap 76C includes the space 
by Which corresponding insulating island 72A overlaps 
corresponding excess island 56C. 
The remaining portions of protective layer 70 beloW 

insulating islands 72A consist of a tWo-dimensional array of 
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roWs and columns of protective islands 70B. Each protective 
island 70B is roughly centered vertically on overlying 
insulating island 72A and on underlying excess emitter 
material island 56C. 

When excess emitter-material islands 56C are of greater 
dimension in the roW or column direction than overlying 
protective islands 70B, a further etch is typically conducted 
to remove the material of excess islands 56C that extends 
laterally beyond protective islands 70B. Further gaps 76C 
are thereby expanded to include the spaces Where the 
material of excess islands 56C is removed. Items 56D in 
FIG. 5b indicate the remaining portions of excess islands 
56C. The further etch is typically performed long enough so 
that remaining excess emitter-material islands 56D slightly 
undercut protective islands 70B. The combination of pro 
tective islands 70B and insulating islands 72A serves as an 
etch shield during the further etch, the etchant having a 
substantial isotropic component. 
An electrically non-insulating focus coating material is 

deposited on top of the structure in the line-of-sight manner 
described above. See FIG. 5c. Focus coating segment 78A 
again accumulates on the top and side surfaces of base 
focusing structure 72, and extends doWn to additional con 
ductor 46C in each additional opening 74C. Extra coating 
segments 78C similarly accumulate on the tops of dummy 
electrodes 46B in dummy focus openings 74B. 

In addition, extra coating segments 78D accumulate on 
the top and side surfaces of insulating islands 72A. Corre 
sponding extra coating segments 78E accumulate on the 
uncovered parts of the adj oining gate portions 50B and main 
control electrodes 46A. Part of each gap 76C separates 
overlying coating segment 78D from underlying coating 
segment 78E. Coating segments 78A and 78C—78E are all 
spaced apart from one another. 

Coating segments 78D, insulating islands 72A, protective 
islands 70B, and excess emitter-material islands 56D are 
noW removed. FIG. 5a' depicts the resulting structure. Coat 
ing segments 78C normally remain after the removal step. 
Protective layer 70A again underlies base focusing structure 
72 and effectively forms part of the electron focusing system 
in combination With structure 72 and focus coating 78A. 

The removal of regions 78D, 72A, 70B, and 56D can be 
performed in various Ways. Since the island top formed by 
each insulating island 72A and the adjoining coating seg 
ment 78D extends above electron focusing system 70A/72/ 
78A, mechanical force can be exerted on island tops 72A/ 
78D to remove them from the partially ?nished ?eld emitter. 
For example, a jet of gas or liquid can be directed toWards 
island tops 72A/78D to cause them to separate from the ?eld 
emitter. In such a case, the characteristics of the ?eld 
emission structure are chosen so that focusing system 70A/ 
72/78 is capable of Withstanding considerably higher lateral 
shearing stress than island tops 72A/78D. By appropriately 
controlling the force exerted by the ?uid jet, focusing system 
70A/72/78A remains in place and is not damaged as island 
tops 72A/78D are removed. Alternatively, tape of suitable 
adhesive characteristics can be placed across the top of the 
structure so as to adhere to island tops 72A/78D. The 
adhesive tape is then pulled aWay from the ?eld emitter to 
remove island tops 72A/78D. 

The separation betWeen island tops 72A/78D and the 
underlying material can occur at various locations beloW 
island tops 72A/78D. When island tops 72A/78D are 
removed by mechanically exerting force on them, the char 
acteristics of the ?eld emitter can be chosen so that the 
Weakest structural areas for the composite islands formed 
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With regions 78D, 72A, 70B, and 56D occur along the 
interfaces betWeen islands 56D and underlying gate portions 
50B. Exerting mechanical force on island tops 72A/78D 
then causes each combination of coating segment 78D, 
insulating island 72A, protective island 70B, and excess 
island 56D to separate from the ?eld emitter along the 
interface betWeen that excess island 56D and underlying 
gate portion 50B, and thereby be removed from the partially 
?nished structure. 

Alternatively, the islands formed by regions 78D, 72A, 
70B, and 56D may separate from the ?eld emitter at loca 
tions above gate portions 50B but beloW insulating islands 
72A. In this case, any remaining parts of protective islands 
70B can be removed With a suitable etchant. All of the 
remaining material of excess islands 56D is electrochemi 
cally removed according to a technique such as that dis 
closed in Knall et al, Ser. No. 08/884,700, cited above. 

In another alternative, the removal of regions 78D, 72A, 
70B, and 56D is initiated by removing protective islands 
70B With a suitable liquid chemical etchant. Island tops 
72A/78D are thereby lifted off and carried aWay in the 
etchant. Excess islands 56D are electrochemically removed 
as described in the preceding paragraph. 
As a further alternative, excess emitter-material islands 

56C can be electrochemically removed by etching them 
from the side Without earlier removal of any of the material 
overlying excess islands 56C. Regions 78D, 72A, and 70B 
are lifted off as islands 56C are etched aWay. 

FIGS. 6a and 6b (collectively “FIG. 6”) illustrate a 
variation of the process of FIG. 5 in Which a parting layer is 
provided over gate layer 50B to facilitate the removal of 
regions 78D, 72A, 70B, and 56D. The process of FIG. 6 
folloWs the process of FIGS. 2 and 5 up through the stage of 
FIG. 2b. A parting layer 90 is then formed on top of gate 
layer 50A as shoWn in FIG. 6a. Similar to the lift-off layer 
described above, parting layer 90 is typically created by 
evaporating a suitable parting material on top of the struc 
ture at a relatively small angle, typically in the vicinity of 
30°, to the upper surface of baseplate 40. Parting openings 
92 extend through parting layer 90 respectively above gate 
openings 52. 

Subsequent processing operations are performed in the 
manner described above for the process of FIGS. 2 and 5 up 
through the stage of FIG. 5c subject to patterning parting 
layer 90 in largely the same Way as excess emitter-material 
layer 56B. FIG. 6b illustrates the structure at this point. Item 
90A in FIG. 6b indicates the resulting patterned portion of 
parting layer 90 in each focus opening 74A. 

Coating segments 78D, insulating islands 72A, protective 
islands 70B, and excess islands 56D are subsequently 
removed from the structure of FIG. 6b. This can be done in 
various Ways to produce the structure of FIG. 5d. 

Parting-layer portions 90A can be chosen so that they 
adhere Weakly to gate portions 50B relative to hoW overly 
ing regions 78D, 72A, 70B, and 56D variously adhere to one 
another. Mechanical force is exerted on island tops 72A/78D 
in the manner described above, causing regions 78D, 72A, 
70B, and 56D to separate from the ?eld emitter along 
parting-layer portions 90A. If desired, any remaining mate 
rial of parting-layer portions 90A can be removed With a 
suitable etchant. 

Alternatively, parting-layer portions 90A can be removed 
With a suitable etchant. The removal of parting-layer por 
tions 90A can be accelerated by arranging for excess-emitter 
material islands 56D to be of such characteristics that the 
etchant penetrates excess islands 56D and attacks the under 


















